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Description 

The present invention relates to a methtod of producing expanded thermoplastic microspheres, more 
particularly a method of producing expanded thermoplastic microspheres without agglomerate formation, 

5 and to an apparatus for expanding said microspheres. 

The production and use of expandable thermoplastic microspheres is disclosed in, inter alia, U.S. 
Patent Specification 3,615.972. The thermosplastic shells of the spheres may consist of, for example, 
polymers or copolymers that have been polymerised from monomers such as vinyl chloride, vinyltdene 
chloride, acrylonitrile, methyl methacrylate, or styrene. or mixtures thereof. The particle size of the 

10 unexpanded spheres, and thus of the expanded spheres, may vary within wide limits and is selected on the 
basis of the properties desired in the finished product. As examples of particles sizes of unexpanded 
spheres, mention may be made of 1 am to 1 mm. preferably 2 am to 0.5 mm. and especially 5 am to 50 
um. Upon expansion, the diameter of the microspheres is increased by a factor 2 to 5. The unexpanded 
spheres contain volatile liquid blowing agents which are gasified upon supply of heat. When heat is 

;5 supplied, the polymer shell softens and the spheres expand when the blowing agent is gasified. The 
blowing agents may consist of freons such as trichlorofluoromethane. hydrocarbons such as n-pentane, i- 
pentane, neopentane, butane, i-butane or other blowing agents conventionally employed in microspheres of 
the type here referred to. The blowing agent preferably constitutes 5-30% by weight of the weight of the 
microsphere. One example of a suitable and commercially available microsphere product is Expancet® 

20 which has a thermoplastic shell of a vinylldene chloride/acrylonitrile copolymer and Isobutane as blowing 
agent. 

The expandable thermoplastic microspheres of US 3,615,972 are produced in an aqueous suspension. 
The process water is removed by, for example, sedimentation, centrifugation or filtration, or by some other 
suitable technique. The microspheres are obtained In the fomn of a wet cake having a dry solids content of 

25 about 65%. The unexpanded microspheres may be used as such for in situ expansion, i.e. the spheres are 
mixed with different types of material which are then heated to make the microspheres expand. Examples 
of commercial applications of this type are paper, cardboard and printing ink. 

Thermoplastic microspheres also have applications where the temperature is not increased during the 
process, or the temperature is not sufficiently high to make the microspheres expand. For these applica- 

30 tions, use is made of preexpanded microspheres which may be dry or wet. Examples of commercial 
applications for this type of microspheres is polyester for dry spheres and paint for wet spheres. 

Processes, for the production of both wet and dry expanded microspheres are known. US 4.397,799 
discloses a process of drying and expanding microspheres by atomising a dispersion of the spheres in an 
inert liquid in a hot inert gas. EP 112807 discloses a process for expanding expandable microspheres, in 

35 which a slurry of the unexpanded spheres In an inert liquid is supplied into a pressure zone and expanded 
by coming into contact with water vapour. The spheres are then caused to leave the pressure zone under a 
considerable pressure drop. Important factors of these processes are the design of the expansion 
equipment, the process conditions, such as temperature, time, and the concentration of spheres within the 
slurry. Without suitable adaptation of these factors, an expanded product is obtained which contains large 

40 amounts of agglomerates, i.e. cemented expanded spheres. A minor amount of agglomerates (< 1%) 
cannot be avoided because the microspheres stick to the wall of the expansion equipment and subse- 
quently come loose, resulting in small agglomerates. A minor amount of agglomerates may be tolerated, 
but Is undesirable. 

The agglomerate fomnatlon has been deemed to depend entirely upon the thermoplastic character of 
45 the microspheres. If expansion occurs at a temperature higher than normal, a larger number of agglomer- 
ates are obtained. An increase by one or two degrees is sufficient to cause difficulties. Expansion of a 
microsphere grade having a higher glass transition temperature requires a higher expansion temperature, 
which results in a larger number of agglomerates or a higher tendency to agglomeration. 

The present invention, such as it is disclosed in the appended claims, now provides a technically 
50 simple solution for the production of expanded thermoplastic microspheres having a very low content of 
agglomerates. The invention is based on the discovery that unexpanded microspheres that have been dried 
to a certain dry solids content, can be heated in a simple manner and expanded to entirely free 
microspheres, without agglomerates. Contrary to what could be expected, it has been found that the 
spheres, although they are thermoplastic, do not stick together if they have a dry solids content exceeding 
55 98% by weight before the expansion. It has also been found that microspheres that have been dried to a 
dry solids content exceeding 98% by weight and then are wetted again, can still be expanded without 
sticking together. The drying process modifies the surface characteristics of the microspheres, t.e. the 
tendency to sticking together has been removed. 
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In order to obtain agglomerate-free microspheres, it is important that the drying process is carried out in 
a satisfactory manner. Microspheres dried at room temperature and not subjected to any kind of working 
form a lumpy cemented mass resembling concrete. If this mass is expanded, a large number of 
agglomerates are obtained, but no free expanded microspheres. Drying must therefore be carried out 
s concurrently with mechanical working or other form of agitation. 

The present invention obviates the need for the complicated and costly expansion equipment described 
in the earlier patents. In carrying the method of the present invention into effect, the dry unexpanded 
microspheres can be expanded in a conventional heating cabinet with fan and exhausting device. The 
spheres can be placed in cups or on trays. This expansion technique is so simple that it can be carried out 
10 by the users of the expanded microspheres. This means that a user can proceed from the more 
manageable and inexpensive, dry, expanded spheres, instead of from the expanded spheres which he had 
to use up to now and which are disadvantageous in that they are more costly and have a volume several 
times greater and. furthermore, give rise to far greater dusting problems. 

It is, of course, also possible to use a different expansion equipment for the expansion of the dried 
15 microspheres. Mention may here by made of expansion by IR heating, heating by radiation heat, by contact 
with hot air. or by means of microwaves or steam. A further conceivable expansion equipment is a heated 
screw extruder. 

Especially preferred is the expansion apparatus disclosed In the claims. It comprises a belt conveyor, a 
device for IR heating, a device for dosing the dry unexpanded microspheres, and a device for collecting the 

20 expanded spheres. Such an expansion equipment is simpler and less expensive than the prior art technique 
comprising, for example, spray-drying. It has surprisingly been found that this expansion equipment 
produces very little dust. The disposition of the expanded spheres on the belt is that of a loose assocation, 
whereby dusting is prevented. In appearance they resemble small scraps or "comflakes" After collection, 
however, the spheres have free-flowing characteristics, like spray-dried microspheres. In comparison with 

25 spray-drying where expanded spheres are frequently deposited on hot surfaces in. for example, the drying 
chamber, the piping and the filter, the expansion equipment of the present invention brings the advantage 
that its belt conveyor has no hot parts, the belt excepted. The air conveying the expanded spheres from the 
belt is heavily diluted with air of room temperature so that the spheres, when leaving the belt, usually have 
a temperature not exceeding about 30C. 

30 The initially wet unexpanded microspheres must be dried under some form of agitation, for example by 
mechanical working or by means of an air flow, such as in a fluidised bed. The wet spheres can be dried 
for example under agitation in a Morton type mixer. Other conceivable mixers are planetary mixers, Z-blade 
mixers, propeller mixers, or dissolvers. The dry solids content at which expansion without agglomeration is 
obtained must exceed 98% by weight, preferably 99% by weight. 

35 Microspheres suitable to be used in the method according to the present invention may be produced 
from, for example, polystyrene or copolymers of styrene and up to 40% by weight (based on styrene) of 
copolymerised ethylenically unsaturated monomers, especially acrylonitrile. Other suitable polymers are 
copolymers of vinylidene chloride and up to 40% by weight (based on vinylidene chloride) of acrylonitrile or 
vinyl chloride. Preferred copolymers are 0-80% by weight vinylidene chloride. 0-75% by weight ac- 

40 rylonitrile. and 0-70% by weight methyl methacrylate, and especially preferred are 0-55% by weight 
vinylidene chloride, 40-75% by weight acrylonitrile, and 0-50% by weight methyl methacrylate. However, 
the invention is in no way restricted to these since the method according to the invention can be used with 
all types of thermoplastic microspheres. A suitable particle size of the microspheres is within the range 3- 
100 urn, preferably 5-50 um. 

45 The dry unexpanded microspheres can, if desired, be mixed with fillers of different kinds. As suitable 
fillers can be mentioned such fillers being capable of withstanding the expansion temperature of the 
microspheres. It is preferred to use inorganic fillers such as e.g. talc, chalk, kaolin and dolomite. 

The prefenred expansion apparatus will now be described with reference to the accompanying drawings 
in which 

50 Fig. 1 is a schematic lateral view of the apparatus according to the invention; and 
Fig. 2 is a lateral view of a dosing device. 

The apparatus comprises a belt conveyor (A), a device (B) for IR heating, a dosing device (C) for the 
dried unexpanded spheres, and a collecting device (D) for the expanded spheres. The belt conveyor 
comprises an endless belt (1) travelling around two rollers. The belt should be made of teflon which has 
55 excellent release characteristics and excellent resistance to temperature. To prevent the belt from being 
charged with static electricity, antistatic treatment is recommended. If electrically conductive black pigment 
is used for the antistatic treatment, there is obtained the further advantage that the black belt absortDs heat, 
which means a more uniform expansion. Optionally, the antistatic belt may be supplemented wKh a 
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conductor (2) of static electricity. The belt conveyor may also be provided with a sliding plate (3) 
underneath the upper run of the belt conveyor. The sliding plate has two functions. With thin belts, it 
functions as a support to smoothen the belt. Thin belts have a tendency to unevenly engage the frame of 
the belt conveyor. The sliding plate may be formed with a span of some extent and secured at one end 
5 only, whereby it will resiliently engage and stretch the belt. The sliding plate is secured at one end by 
means of two screws in the frame of the belt conveyor. The sliding plate also imparts a more uniform 
temperature to the belt. 

The device for IR heating (B) is located above the belt (1) and comprises a suitable number of IR lamps 
for short-wave IR (4). The lamps are mounted on a cassette. To prevent overheating, the cassette may be 

10 air-cooled (5). The lamp power can be controlled. There are two possibilities of temperature control. The IR 
lamp power can be controlled, or the distance between the lamps and the belt can be changed. The easiest 
way is to control the power and use a fixed distance between the lamps and the belt. It is also possible to 
mount additional IR lamps, if this should be necessary in order to maintain a sufficiently high temperture. 
These additional lamps can be mounted at a belt section where there are no microspheres (6). The 

15 expansion temperature may be about 100C or higher, but exact measurements are not necessary. On the 
other hand, the temperature of the air surrounding the spheres should not exceed 250C, and a suitable air 
temperature may vary between 80 and 200C. preferably between 100 and 150C. 

The microspheres are dosed onto the belt by means of a dosing device (C) which may be in the form 
of a dosing screw (7) combined with a vibrating feeder (8) having two mechanical vibrators. The vibrating 

20 feeder may also be provided with a transversely positioned sheet metal member (13) perpendicular to the 
bottom for uniform distribution of the spheres across the belt. To further promote the uniform distribution of 
the microspheres onto the belt, a screening cloth can be used which should be placed after the vibrating 
feeder so that the spheres will drop from the feeder through the screening cloth onto the belt. The dosing 
device may also consist of an elongated screw (11) only; see Fig. 2. The screw is mounted across the belt, 

25 and its casing has a longitudinally extending slot (12) through which the spheres are dosed. The free end of 
the screw is open to discharge any excess spheres. The collecting device (D) is in the form of a collecting 
funnel (9) connected with the vacuum conveyors (10). 

For operating the apparatus, the belt conveyor and the IR lamps are started. The belt is heated by the 
lamps before the dosing device and the vacuum conveyors are started. The dry unexpended microspheres 

30 are dosed in the desired amount onto the belt so that a uniform layer of spheres is formed across the belt. 
The microspheres are then conducted by the belt from one end of the belt conveyor to the other where 
they are collected by the collecting funnel and sucked up by the vacuum conveyors. When the micro- 
spheres are conducted by the belt from one end of the belt conveyor to the other, they will pass the IR 
lamps to be heated and expanded. The vacuum conveyors conduct the finished free-running expanded 

35 microspheres to a suitable collecting vessel (14). The belt velocity, the power of the IR lamps, and the 
dosed amount of microspheres are parameters that must be controlled, which is easily done by the plant 
operator for each separate plant and for the various types of microspheres to impart thereto the desired 
density. 

40 Example 

To illustrate the Importance of the dry solids content for obtaining expanded spheres without agglomer- 
ates, a number of tests were conducted in which spheres of varying dry solids contents were expanded. 
The shells of the spheres consisted of 55% by weight vinylidene chloride, 45% by weight acrylonitrile, and 

45 5% by weight methyl methacrylate. and the isobutane blowing agent. The amount of agglomerates was 
measured as the amount of screening residue after screeening of the expanded sample. The greater the 
screening residue after screening, the greater was the amount of agglomerates. The screening residue was 
determined by wet screening on a 100 um screen. The samples had been dried in a Morton type mixer and 
expanded In a heating cabinet on trays or aluminium foil. The density of the expanded materia! was 

50 measured in a Beckman Pyknometer. The test results are shown in the Table below. 
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Table 1 



Dry solids content % 99.8 


Exp. temp. C 124 


Exp. time 
min. 6 


Density d/1. 19 42.4 


Screen inQ residue 
% MOO am\ 0 OB 


QQ 


124 


7 


28.4 


0.08 




127 


6 


24,0 


0.32 


QQ Q 


127 


6 


34.7 


0.05 


QQ O 


129 


6 


39.0 


0.39 


98.8 


130 


5 


34.7 


0.96 


98.8 


129 


5 


38.8 


0.82 


98.0 


127 


6 


34.0 • 


2.12 


98.0 


126 


6 


39.3 


2.12 


97.2 


127 


6 


23.6 


1.16 


97.1 


127 


6 


30.3 


1.07 


96.5 


127 


6 


32.6 


1.17 


93.6 


127 


6 


22.8 


1.78 


92.8 


127 


6 


31 .9 


1.07 


90.0 


127 


"7 


22.1 


1.32 


87.0 


127 


7 


22.2 


2.1 


75.6 


128 


7 


26.4 


12.5 



As will appear from the Table, the screening residue and thus the amount of agglomerates is markedly 
lower for spheres having a dry solids content exceeding 98% than for spheres having a dry solids content 
of 98% and less. 

To show that microspheres that had been dried to a dry solids content exceeding 98% can be 
expanded without increased amounts of agglomerate, even if they have absorbed moisture, the following 
tests were conducted. Microspheres dried to a dry solids content of 99.1% were stored In humid 
environment (100% relative humidity). Samples were taken at different intervals, the moisture content was 
detemnined, and the samples expanded. The results are shown in Table 2. Two different types of 
, microspheres were used. The result above the dashed line in the Table refers to microspheres having a 
shell composition of 55% by weight vinylldene chloride, 45% by weight acrylonitrile, and 5% by weight 
methyl methacrylate. The results below the dashed line relate to spheres having a shell composition of 25% 
by weight vinyllndene chloride. 75% by weight acrylonitriie. and 50% by weight methyl methacrylate. 

Table 2 



Time days 


Moisture content % 


Exp. temp. C 


Exp. time 
min. 


Density d/1 .19 


Screening residue % (100 urn) 


3 


3.5 


130 


7 


25.9 


0.07 


8 


5.3 


130 


7 


25.1 


0.11 


8 


5.3 


130 


7 




0.16 


8 


5.3 


130 


8 




0.84 


18 


15.4 


130 


7 


46.6 


0.10 


18 


15.4 


130 


8 


42.2 


0.17 


18 


15.4 


129 


6 


24.5 


0.19 


37 


15 


126 


7 


43.0 


0.04 


22 


9 


129 


9 


20.2 


0.16 



Claims 

1. A method of producing expanded thermoplastic microspheres by heating, characterised in that, 
before heating is effected, unexpanded microspheres are dried under agitation to a dry solids content 
exceeding 98% by weight. 
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2. A method as claimed in claim 1, characterised in that the microspheres are dried to a dry solids 
content exceeding 99% by weight. 

3. A method as claimed in claim 1, characterised In that the dried microspheres are rewetted and then 
5 expanded by heating. 

4. An apparatus for expanding dried unexpanded microspheres, characterised in that it comprises a belt 
conveyor (A) having an endless belt (1) for conveying microspheres, a device (B) for IR heating, 
comprising a number of IR lamps (4) and being located above the belt (1), a dosing device (C) for the 

10 dried unexpanded microspheres, said dosing device being located at one end of the belt conveyor and 
in conjunction with the belt (1), and a collecting device (D) for expanded microspheres, located at the 
other end of the belt conveyor and in conjunction with said belt (1). 

5. An apparatus as claimed in claim 4. characterised in that the belt (1) is a Teflon belt. 

6. An apparatus as claimed in claim 5, characterised in that the Teflon belt has been subjected to 
antistatic treatment. 

7. An apparatus as claimed in claim 6. characterised in that the Teflon beH is black. 

20 

a An apparatus as claimed in claim 4, characterised in that the belt conveyor comprises a sliding plate 
(3) underneath the belt (1) of the upper run of the belt conveyor. 

9. An apparatus as claimed in claim 4. characterised in that the dosing device (C) comprises a dosing 
25 screw (7) and a vibrating feeder (8). 

10. An apparatus as claimed in claim 9, characterised in that the vibrating feeder (8) comprises a 
transversely positioned sheet metal member (13) perpendicular to the feeder bottom. 

30 11. An apparatus as claimed in claim 4, characterised in that the dosing device (C) comprises an 
extended dosing screw (11), the free end of which is open, and the screw casing has a longitudinally 
extending slot (12) for discharging microspheres. 

12. An apparatus as claimed in claim 4. characterised in that the collecting device (D) comprises a 
35 collecting funnel (9) connected with vacuum conveyors (10). 

PatentansprUche 

1. Verfahren zur Merstellung expandierter thermoplastischer MIkrokugetn durch Erhitzen, dadurch ge- 
40 kennzelchnet, daB bevor das Erhitzen bewirkt wird. nichtexpandierte Mikrokugein unter Bewegen auf 

einen 98 Gew.-% ut)erschreitenden Trockensubstanzgehalt getrocknet werden. 

2. Verfahren nach Anspruch 1, dadurch gelcennzeichnet, da6 die Mikrokugein auf einen 99 Gew.'% 
Qberschreltenden Trockensubstanzgehalt getrocknet werden. 

46 

3. Verfahren nach Anspruch 1. dadurch gelcennzeichnet, daB die getrockneten Mikrokugein erneut 
benetzt werden und anschlieBend durch Erhitzen expandiert werden. 

4. Vorrichtung zum Expandieren getrockneter, nichtexpandierter Mikrokugein, dadurch gelcennzeichnet, 
50 daB sie ein F5rderband (A) mit einem Endlosband (1) zum Transport der Mikrokugein; eine Vorrichtung 

(B) zur IR-Beheizung, umfassend eine Anzahl an IR-Lampen (4), die oberhalb des Bandes (1) 
angeordnet sind; eine Dosiervorrichtung (C) fur die getrockneten, nichtexpandierten Mikrokugein. wobei 
die Dosiervorrichtung an einem Ende des Forderbandes angeordnet 1st und in Verbindung mit dem 
Band (1) steht; und an dem anderen Ende des Forderbandes eine in Verbindung mit Band (1) 
55 angeordnete Sammelvorrichtung (D) fur expandierte Mikrokugein umfaBt. 

5. Vorrichtung nach Anspruch 4. dadurch gekennzeichnet, dafi das Band (1) ein Teflonband ist. 
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6. Vorrlchtung nach Anspruch 5. dadurch gekennzeichnet, daB das Teflonband antistatischer Behand- 
lung unterzogen wurde. 

7. Vorrichtung nach Anspruch 6. dadurch gekennzeichnet, daB das Teflonband schwarz ist. 

a Vorrichtung nach Anspruch 4, dadurch gekennzeichnet. daB das Forderband ein Rutschblech (3) 
unterhalb Band (1) des oberen Laufes des Forderbandes umfaBt. 

9. Vorrichtung nach Anspruch 4. dadurch gekennzeichnet, daB die Dosiervomchtung (C) eine Dosier- 
schnecke (7) und eine Schuttelrinne (8) umfaBt. 

10. Vorrichtung nach Anspruch 9. dadurch gekennzeichnet, daB die Schuttelrinne (8) ein quer angeord- 
netes IVIetallblechelement (13) rechtwinklig zu denn Rinnenboden umfaBt 

11. Vorrichtung nach Anspruch 4, dadurch gekennzeichnet, daB die Dosiervorrichtung (C) eine verlanger- 
te Dosierschnecke (11) umfaBt. wobei das freie Ende davon offen ist und die Schneckenummantelung 
einen sich langswSrts erstrekkenden Schlitz (12) zur Ausgabe der MIkrokugeIn aufweist. 

12. Vorrichtung nach Anspruch 4, dadurch gekennzeichnet, dafi die Sammelvomchtung (D) einen 
Sammeltrichter (9), verbunden mit Vakuumtransportvorrichtungen (10), umfaBt. 

Revendications 

1. Procdd^ de production de microspheres thermoplastiques expans^es par chauffage. caractdris^ en ce 
que. avant que le chauffage suit effectue. des microspheres non expansees sent s^chees sous 
agitation jusqu'a obtenir une teneur en solides sees depassant 98% en masse. 

2. Precede tel que revendiqu^ dans la revendication 1, caract^ris^ en ce que les microspheres sont 
sechees a une teneur en solides sees depassant 99% en masse. 

a Precede tel que revendique dans la revendication 1. caracterise en ce que les microspheres sechees 
sont.rehumidifiees 8t ensuite expansees par chauffage. ._ 

4. Dispositif d'expansion de microspheres non expansees sechees, caracterise en ce qu'il comprend une 
bande transporteuse (A) ayant un tapis sans fin (1) pour conveyer les microspheres, un dispositif (B) 
pour le chauffage IR, comprenant un certain nombre de lampes IR (4) et 6tant situ4 au-dessus du tapis 
(1). un dispositif de dosage (C) pour les microspheres non expansdes sdchdes. ledit dispositif de 
dosage etant situe a une extremlte de la bande transporteuse et associe au tapis (1). et un dispositif de 
recuelllement (D) des microspheres expansees. situe k Tautre extremlte de la bande transporteuse et 
associe audit tapis (1). 

6. Dispositif tel que revendique dans la revendication 4, caracteris^ en ce que le tapis (1) est un tapis en 
Teflon. 

6. Dispositif tel que revendique dans la revendication 5, caracterise en ce que le tapis en Teflon a ete 
soumis e un traitement antistatique. 

7. Dispositif tel que revendique dans la revendication 8, caracterise en ce que le tapis en Teflon est noir. 

a Dispositif tel que revendiqu^ dans la revendication 4, caracterise en ce que la bande transporteuse 
comprend une tole de recouvrement (3) sous le tapis (1) du brin superieur de la bande transporteuse. 

9. Dispositif tel que revendique dans la revendication 4, caracterise en ce que le dispositif de dosage (C) 
comprend une vis de dosage (7) et un distributeur vibrant (8). 

10. Dispositif tel que revendique dans la revendication 9, caracterise en ce que le distributeur vibrant (8) 
comprend un element metallique h feullle positionne transversalement (13). perpendiculaire k la base 
du distributeur. 
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11. Dispositif tel que revendique dans la revendication 4, caracterise en ce que le dispositif de dosage (C) 
comprend une vis de dosage allongee (11), I'extremite llbre de laquelle est ouverte, at le carter de la 
vis a une fente s*etendant longitudinalement (12) pour evacuer les microspheres. 

5 12. Dispositif tel que revendiqu^ dans la revendication 4, caracterise en ce que le dispositif collecteur (0) 
comprend un cone collecteur (9) relie aux convoyeurs a air aspire (10). 
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